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TECHNICAL FIELD 

|0001 1 The disclosure, in general, relates to chemical mechanical polishing retaining 
rings and methods for performing chemical mechanical polishing. 

BACKGROUND 

[0002] In semiconductor fabrications, chemical mechanical polishing (CMP) is used 
for planarization of semiconductor wafers that may be used for the fabrication of very 
large scale integrated (VLSI) circuits and ultra large scale integrated (ULFI) circuits. 
Chemical mechanical polishing (CMP), generally, removes material from a layer of a 
wafer. In a typical CMP process, the wafer is exposed to an abrasive medium under 
controlled chemical, pressure, velocity, and temperature conditions. The abrasive 
medium may include slurry solutions containing small abrasive particles such as 
silicon dioxide and chemically reactive substances such as potassium hydroxide. 

|0003| Typical chemical mechanical polishing (CMP) processes include a carrier 
head that holds a wafer against polishing pad. One or both of the polishing pad or 
carrier head may rotate to effect the polishing of the wafer. Generally, carrier heads 
include a retaining ring used to hold the wafer within a given boundary. In general, 
retaining rings are formed either completely of a metal construction or a metal 
backing with a ring portion of polymer or silicon dioxide. The ring portion typically 
contacts the polishing pad or surface and the semiconductor wafer. 

|0004) Typical designs may cause damage to chip edges and surfaces. These designs 
may further lead to scratched wafer surfaces and altered device properties. As such, 
an improved CMP retaining ring would be desirable. 
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SUMMARY 

[0005| In one embodiment, the disclosure is directed to a chemical mechanical 
polishing retaining ring. The chemical mechanical polishing retaining ring includes a 
support portion formed of a first material comprising a first polymer and a wear 
portion formed of a second material comprising a second polymer. The first material 
has an elastic modulus greater than the elastic modulus of the second material. 

|0006| In a further embodiment, the disclosure is directed to a chemical mechanical 
polishing retaining ring. The chemical mechanical polishing retaining ring includes a 
support formed of a first material comprising a first polymer matrix and filler and a 
wear portion formed of a second material comprising a second polymer. 

|0007| In another embodiment, the disclosure is directed to a chemical mechanical 
polishing apparatus for wafer polishing. The chemical mechanical polishing 
apparatus includes a polishing pad having a polishing surface and a substrate carrier 
head having a substrate backing member and a retaining ring. The retaining ring has a 
first member comprising a first polymer and a second member comprising a second 
polymer. The first member has an elastic modulus greater than the elastic modulus of 
the second member. 

(0008| In a further embodiment, the disclosure is directed to a semiconductor device 
formed via a process including a polishing step. The polishing step utilizes a 
polishing apparatus that includes a polishing pad having a polishing surface and a 
substrate carrier head. The substrate carrier head has a substrate backing member and 
a retaining ring. The retaining ring has a first member comprising a first polymer and 
a second member comprising a second polymer. The first member has an elastic 
modulus greater than the elastic modulus of the second member. 

|0009] In another embodiment, the disclosure is directed to a method of forming a 
semiconductor device. The method includes providing a substrate wafer, polishing 
the substrate wafer with a chemical mechanical polishing apparatus, and forming 
semiconductor circuitry on the substrate wafer. The chemical mechanical polishing 
includes a polishing pad having a polishing surface and a substrate carrier head. The 
substrate carrier head has a substrate backing member and a retaining ring. The 
retaining ring has a first member comprising a first polymer and a second member 
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comprising a second polymer. The first member has an elastic modulus greater than 
the elastic modulus of the second member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

100101 The present disclosure may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. 

|0011 j FIG. 1 depicts an exemplary chemical mechanical polishing apparatus. 

|0012] FIGS. 2A-2F depict exemplary configurations of a CMP retaining ring. 

|0013] FIG. 3 depicts an exemplary method of chemical mechanical polishing. 

|0014] The use of the same reference symbols in different drawings indicates similar 
or identical items. 

DETAILED DESCRIPTION 

|0015| The disclosure is directed to a chemical mechanical polishing (CMP) 
apparatus having a CMP retaining ring. In one particular embodiment, the CMP 
retaining ring is formed of two polymeric materials. The first material includes a 
polymer, such as polyphenylsulfide (PPS), and filler, such as a polymer, fiberglass or 
carbon. Alternately, the first material may include a cross-linked polymer. The first 
material forms a structural component of the CMP retaining ring. The second 
material includes a polymer and forms a second component of the CMP retaining 
ring. The second component may contact the wafer and a polishing pad. The 
disclosure is also directed to a method of producing an integrated circuit device that 
includes performing CMP using the CMP retaining ring. 

[0016] FIG. 1 depicts an exemplary chemical mechanical polishing (CMP) apparatus 
100. The CMP apparatus 100 includes a carrier 102 and a polishing pad having a 
polishing surface 1 12. The carrier 102 includes a wafer backing member 104 and 
retaining ring 106. The retaining ring 106 and the wafer backing member 104 hold a 
wafer 108 in place and in contact with the wafer polishing surface 1 12 during the 
CMP process. Various mechanisms (not shown) may be used to exert force on wafer 
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108, such as bellows and other pneumatic mechanisms, which cause wafer backing 
member 104 to exert force on the wafer 108 in contact with the polishing surface 1 12. 
In practice, the polishing may be accomplished with the introduction of a chemical 
mechanical abrasive medium. The carrier 102 and/or the polishing surface 1 12 may 
rotate to facilitate mechanical abrasion. 

(00171 The retaining ring 106 acts to retain or surround the wafer 108 and 
horizontally hold the wafer 108 in contact with the wafer backing member 104. The 
retaining ring 106 generally surrounds the wafer backing member 104. The retaining 
ring 106 generally extends below the wafer backing member 104 to form a recess for 
receiving the wafer 108 and effectively bound the wafer 108. The CMP retaining ring 
106 generally contacts the chemical mechanical polishing surface 1 12 during a CMP 
process. In an alternate embodiment, the retaining ring 106 may extend partially 
along the vertical edge of the wafer and may or may not contact the polishing surface 
1 12 during the CMP process. The retaining ring 106 may be connected to the carrier 
102 using various mechanisms such as fasteners, latches, screws, pins, adhesives, and 
other connecting or coupling methods. 

[001 8| In the exemplary embodiment of FIG. 1, the retaining ring 106 may include an 
upper backing portion 1 14 and a lower contact or wear portion 116. In this exemplary 
embodiment the lower portion 1 16 contacts both the wafer 108 and the polishing 
surface 112 during a CMP process. 

|00191 In one particular embodiment, the retaining ring may include a lower portion 
1 1 6 formed of a polymer and an upper portion 1 14. The polymer of the lower portion 
1 16 may be a polymer such as polyphenylsulfide (PPS), polyethylene terephthalate 
(PET), polyetheretherketone (PEEK), polyimide (PI), and polybutylene terephthalate 
(PBT), acetal polyoxymethylene (POM), polyamideimide (PAI), polybenzimidazole 
(BPI), or combinations thereof. Further, the polymer may be a blend, such as, for 
example, the combinations PEEK/PI or PPS/PI. In another exemplary embodiment, 
PI may be used as filler in a base of PEEK or PPS polymers. In a further exemplary 
embodiment, the polymer may be a crosslinked single polymer or crosslinked blend 
of polymers. 
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[0020] In one exemplary embodiment, the lower portion 1 16 may include filler. The 
filler may be organic or inorganic filler. For example, the filler may be carbon, 
aramide, TiC>2 5 Si0 2 , alumina, boron nitride, silicon carbide, PTFE, polyester. Fillers 
may, for example, include abrasives or ceramic. In exemplary embodiments, the filler 
may include a polymer, such as PTFE, polyester, aramide, PPS, PEEK, polyimide, 
and combinations thereof. The filler may, for example, be in the form of particulate, 
fiber or beads. For example, the filler may be a woven fiber, such as a fiberglass or 
polymeric fabric. In another exemplary embodiment, the filler may be a continuous 
fiber, such as a fiberglass, carbon, or polymeric fiber. In a further exemplary 
embodiment, the filler may include carbon in the form of nanotubes, fibers, woven 
fibers, and continuous fibers. Fibrous materials include materials comprising fibers, 
woven fibers, continuous fibers, or combinations thereof. The filler may be loaded in 
percentages between about 5%-95% by weight. For example, the filler may be loaded 
in percentages between about 5%-50% by weight, such as between about 5% and 30% 
by weight or between about 20%-50% by weight. In another exemplary embodiment, 
the filler may be loaded in percentages between about 50% and 85% by weight. 

|0021 1 Generally, the lower portion has an elastic modulus of greater than about 
350,000 psi, such as greater than about 380,000 psi and greater than about 400,000 
psi. Elastic modulus may, for example, be measured using the method described in 
ASTM D638. The elastic modulus of the lower portion 1 16 will typically be less than 
the elastic modulus of the upper portion 1 14. For example, the percent difference of 
elastic modulus between the lower portion 1 16 and the upper portion 1 14 may be 
greater than about 5%, such as greater than about 10%, 15% or 20% higher. 

[0022| The lower portion 116 may be bonded or molded to the backing portion 114. 
The retaining ring may have an upper portion 1 14 formed of a polymer matrix 
material and a filling material. The polymer matrix may be formed of a polymer such 
as polyphenylsulfide (PPS), polyethylene terephthalate (PET), polyetheretherketone 
(PEEK), polyimide (PI), and polybutylene terephthalate (PBT), acetal 
polyoxymethylene (POM), polyamideimide (PAI), polybenzimidazole (BPI), or 
combinations thereof. In one exemplary embodiment, the polymer is PEEK or PPS. 
In another exemplary embodiment, the polymer may be a crosslinked single polymer 
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or crosslinked blend of polymers. For example, the polymer may include a cross- 
linked blend of PEEK and PPS. 

|0023| The upper portion 1 14 may also include a filling material. The filling material 
may be organic or inorganic filler. Exemplary embodiments include fillers such as 
carbon, aramide, Ti0 2 , Si0 2? alumina, boron nitride, silicon carbide, PTFE, polyester. 
The filler may be an abrasive or ceramic. In exemplary embodiments, the filler may 
include a polymer, such as PTFE, polyester, aramide, PPS, PEEK, polyimide, and 
combinations thereof. The filler may, for example, be in the form of particulate, fiber 
or beads. For example, the filler may be a woven fiber, such as a fiberglass or 
polymeric fabric. In another exemplary embodiment, the filler may be a continuous 
fiber, such as a fiberglass, carbon, or polymeric fiber. In a further exemplary 
embodiment, the filler may include carbon in the form of nanotubes, fibers, woven 
fibers, and continuous fibers. In other exemplary embodiments, the filler may include 
such fillers as those listed above in relation to lower portion 116. The backing or 
upper portion 1 14 may be formed with the polymer matrix and the filling material. 
The filling material may comprise between about 5% and about 95% by weight of the 
backing 114. In one exemplary embodiment, the filing material may be between 
about 25% and about 90% by weight of upper portion 114. In one particular 
embodiment, the upper portion 114 may be a filled polymer portion including 
between about 25% and about 60% by weight filling material. In another exemplary 
embodiment, an upper portion 1 14 may be a composite material comprising between 
about 60% and about 90% filling material by weight. In further exemplary 
embodiments, the filler loading may be between about 20% and about 50% or 
between about 40% and about 70%. 

|0024] Generally, the elastic modulus of the upper portion 1 14 will be greater than 
about 400,000 psi. For example, the elastic modulus of the upper portion 1 14 may be 
greater than about 500,000 psi, greater than about 1,000,000 psi, or as high as 
20,000,000 psi. Elastic modulus may, for example, be measured using the method 
described in ASTM D638. The elastic modulus of the lower portion 1 16 will 
typically be less than the elastic modulus of the upper portion 1 14. For example, the 
percent difference of elastic modulus between the lower portion 1 16 and the upper 
portion 1 1 4 may be greater than about 5%, such as greater than about 1 0%, 1 5% or 
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20% higher. In one exemplary embodiment, the elastic modulus of the upper portion 
1 1 4 may be, for example, greater than 2 times that of the lower portion 1 1 6. For 
examples, the elastic modulus of the upper portion 1 14 may be greater than about 3, 5, 
or 8 times that of the lower portion 1 16. 

(0025| In one particular embodiment, the polymer of the lower portion 116 and the 
polymer forming the polymer matrix of the upper portion 1 14 may be formed of the 
same polymer, such as polyphenylsulfide (PPS), polyethylene terephthalate (PET), 
polyetheretherketone (PEEK), polyimide (PI), and polybutylene terephthalate (PBT), 
acetal polyoxymethylene (POM), polyamideimide (PAI), polybenzimidazole (BPI), or 
combinations thereof. In a further exemplary embodiment, the polymer of lower 
portion 1 1 6 and the polymer of upper portion 1 1 4 may be formed from a common 
monomer, such as those monomers used in the formation of the polymers listed 
above. In another exemplary embodiment, the polymer may be a crosslinked polymer 
or crosslinked blend of polymers. For example, the polymer may include a cross- 
linked blend of PEEK and PPS. The upper portion 114 may include fillers, such as 
fiberglass, carbon, or combinations thereof. 

(0026) In one embodiment, the lower portion 1 16 may be designed to wear and 
exhibit elasticity. The upper portion 1 14 may provide structural support and may 
exhibit lower elasticity. In one exemplary embodiment, the upper portion 1 14 is 
stiffer than the lower portion 116. In another exemplary embodiment, the lower 
portion 1 16 has a lower Young's modulus than the upper portion 1 14. For example, 
the Young's Modulus of the lower portion 1 16 may be 20% lower than that of the 
upper portion 1 14. 

j0027| In a further exemplary embodiment, the retaining ring 1 06 may include one or 
more additional layers. For example, an additional polymeric layer may exist above 
layer 1 14 and may be formed to attach to carrier 102. The exemplary polymeric layer 
is formed of a polymer, such as a thermoplastic. In an exemplary embodiment, the 
polymer is non-elastomeric. In another exemplary embodiment, the polymer has an 
elastic modulus greater than about 75,000 psi. For example, the polymer may be PPS, 
PET, PEEK, PI, PBT, POM, PAI, BPI, or combinations thereof. In another 
exemplary embodiment, the polymer may be a crosslinked polymer or crosslinked 
blend of polymers and may include fillers, such as those listed above. In addition, the 
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additional polymeric layer may attach, couple, or connect to carrier 102 using the 
methods disclosed above. 

|0028] FIGS. 2A-2E depict exemplary configurations of a CMP retaining ring. FIG. 
2A depicts an exemplary embodiment in which a lower portion 204 is connected to an 
upper portion 202. This arrangement, shown in FIG. 2A may, for example, be formed 
through co-extruding miscible or compatible polymer layers, co-forming, 
compression molding, or adhesively coupling layers. 

[0029| FIG. 2B depicts an exemplary three-layer structure. Layer 230 may be a lower 
wear portion. Layer 228 may be an upper structural support portion with a higher 
elastic modulus. Layer 226 may include a polymeric material having properties that 
lend to mach inability and tooling such that connective structures may be formed for 
connection of the retaining ring to carriers. In one exemplary embodiment, layer 226 
has similar composition to that of layer 230. As with the structures of FIG. 2A, the 
exemplary embodiment of FIG. 2B may be formed through co-forming, compression 
molding, or adhesively coupling layers. 

[0030] FIG. 2C depicts an embodiment in which a lower portion 210 is bonded to an 
upper portion 206 with a bonding layer 208, such as an adhesive. In one exemplary 
embodiment, the bonding layer 208 may be an epoxy, such as a two-component 
epoxy or a slow curing epoxy. 

|0031 1 FIGS. 2D and 2E depict alternate embodiments in which a support portion 212 
or 216 are surrounded or encased by a second portion 214 or 218, respectively. FIG. 
2F depicts a further embodiment in which an upper support portion 220 is connected 
to lower portion 222. The lower support portion 222 has a grooved or shaped surface 
224, which may act to guide the flow of abrasive mediums and slurries. Further 
exemplary embodiments include combinations of those examples shown in FIGs. 2A- 
2F. 

|0032| The exemplary embodiments shown in 2A-2F may be formed through several 
methods, such as injection molding, compression molding, extruding, and bonding. 
In one exemplary embodiment, the portions may be co-extruded. In another 
exemplary embodiment, the portions may be separately extruded and bonded together 
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using adhesives such as glues and epoxies, such as a two-part epoxy or a slow curing 
epoxy. In a further embodiment, a first portion may be formed and a second portion 
molded around the first portion. 

[0033( A CMP process utilizing the exemplary retainer rings may be used to form 
semiconductor and integrated circuit devices. In one exemplary method shown in 
FIG. 3, a substrate wafer may be provided, as shown at step 302, the substrate wafer 
may, for example be formed of silicon or gallium. CMP processes may be used at 
various points during the integrated circuit process. In one exemplary embodiment, 
devices may be formed on the substrate wafer as shown at step 304 and the wafer 
subsequently polished, as shown at step 308. For example, devices may be formed in 
the wafer and connected using a conductive metal layer. CMP processing may be 
used to remove excess conductive metal to form lines and interconnects. In one 
exemplary embodiment, metal, such as tungsten, aluminum, copper, or alloys of 
thereof, is sputtered or deposited on the wafer surface. Excess metal is polished and 
removed to leave patterned lines of interconnects and expose the underlying dielectric 
layer. 

(0034) In another exemplary embodiment, the wafer may be polished, as shown at 
step 308, and devices formed, as shown at step 310. CMP processes may, for 
example, be used on the front end polishing prior to and during integrated circuit 
formation. In another exemplary embodiment, CMP polishing may be used in back 
end processing to reduce wafer thickness. 

|0035| The polishing step shown at step 308 may be performed with a chemical 
mechanical polishing apparatus that includes a retaining ring having a wear portion 
formed of a polymer and a support portion formed with a polymer matrix and a filling 
material. CMP processing may utilize a slurry or abrasive medium. The slurry may 
include oxidizers, such as hydrogen peroxide or potassium hydroxide; etchants, such 
as organic acids; and corrosion inhibitors, such as benzotriazole (BTA). The slurry 
may further include abrasives, such as alumina or silica. 

[0036] The substrate wafer may then be segregated into individual integrated circuit 
devices, as shown at step 3 1 2, and further processed to allow connection to and use of 
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the integrated circuit. Such a process utilizing the CMP apparatus with the retaining 
ring may improve yield and effectiveness of integrated circuit devices. 

10037| Aspects of the invention include a reduction in wafer damage. Metal 
components in the retaining ring may, if the metal component is in contact with the 
wafer, damage or chip the wafers' edges, reducing available surface area for effective 
production of semiconductor devices. Metal may contaminate the abrasive medium 
or slurry with metal particles and ions, which may further damage the wafer either 
mechanically or chemically. The invention may improve wafer yield. 

|0038| The above-disclosed subject matter is to be considered illustrative, and not 
restrictive, and the appended claims are intended to cover all such modifications, 
enhancements, and other embodiments, which fall within the scope of the present 
invention. Thus, to the maximum extent allowed by law, the scope of the present 
invention is to be determined by the broadest permissible interpretation of the 
following claims and their equivalents, and shall not be restricted or limited by the 
foregoing detailed description. 
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